Vision and Artificial Intelligence. In this article, a system based on FPGA applying to image acquisition, storage, display and color recognition is designed mainly to complete the recognition and calibration of fixed colors. Color images are captured by the analog camera in the system, which are decoded into standard YCbCr 4:2:2 data streams by AD chip. Then data streams are converted to the data of RGB video format by performing color space conversion. In the RGB color space, the color recognition method is proposed to identify the target color and calibrate on the display device. The experimental results demonstrate that the method can effectively achieve the identification of certain kinds of colors.
INTRODUCTION
Color recognition as a new detection technology has played an important role in Machine Vision and Artificial Intelligence. With the rapid development of science and technology, the research on color recognition is of great significance.
For color recognition of an object, the traditional method is to use a color sensor to measure the color components of the object in the RGB color space [1] . Then use the microprocessor to algorithm processing. Because test results are susceptible to environmental impacts and poor real-time, this detection method commonly used in close proximity detection and speed less demanding system. Now the more mature technology is using software methods to achieve color recognition in a PC (Personal Computer) as a representative of a serial processor. The ways mainly collect images through image acquisition card, and complete color recognition and other processing in the PC, then sending the results to the implementing agencies to execute. Obviously this implementation is of poor real-time, a higher power consumption and not easy to carry. With the development of semiconductor technology and digital signal processing technology, digital signal processing ASIC has been rapidly developed. The most representative of which is the generation of DSP (Digital Signal Processor) [2] , it has changed drawbacks that the PC performs image processing and made the digital signal into embedded era. However, DSP has also been many restrictions in the acquisition and processing of high-definition images due to its speed problems of serial processing in it.
To solve the above problem, the article designs a system which bases on FPGA applying to image acquisition, storage, display and color recognition and presents a color recognition method to complete the recognition and calibration of fixed colors for color images. FPGA is a large-scale programmable logic devices, it has a unique advantage in real-time digital signal processing. The processing speed of FPGA is much faster than the PC and DSP because which program statements are executed in parallel.
II. SYSTEM MODULE DESIGN

A. System Design Diagram
The system mainly includes four parts: image acquisition module, data caching module, the FPGA core module and VGA display module. Block diagram of overall system design is shown in Figure 1 :
B. Image Acquisition
In this design, the analog camera from Dahua Company is used as video input, which can display more clearly than ordinary CMOS digital camera. The chip which converts analog signal into digital signal in collection process is ADV7180. The chip is a video decoder chip launched from ADI Company that can capture analog signal in PAL and NTSC formats. After the adoption of the IIC bus is configured correctly, the chip can automatically detect the input format, and convert it to component video image data in standard YCbCr 4:2:2 [3] . Then the data is passed to SDRAM through the FPGA.
C. Data Cache
For doing data caching within the FPGA, they would occupied a large number of logic cells if the internal logic 
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International Conference on Electrical, Mechanical and Industrial Engineering (ICEMIE 2016) constitute the memory, so Altera Company integrates many M9K memory within the FPGA. However, it is not enough for a large number of the image data cache to only use the internal memory apparently. Therefore, in this design, a 32 Mx16 bit of SDRAM is used to constitute the data buffer module, storing the data stream which is decoded by the ADV7180. The FPGA reads the data from SDRAM and converts it into YCbCr 4:4:4 data formats.
D. FPGA Core System
This design uses EPCE115F29C7 as the core processor, which is FPGA from the Cyclone IV series of Altera Company. The FPGA has rich resources to meet the design requirements for real-time color recognition and calibration of objects. 
E. VGA Display
The design uses a high-speed digital-analog converter chip ADV7123 to convert the RGB digital signal to standard VGA video transmission signals to complete the 640  480 image display.
III. COLOR RECOGNITION PRINCIPLES
A. Color Space Theory
This design mainly uses the YUV and RGB color model.
YUV is a color encoding method used by European television system. Wherein "Y" represents brightness, and "U" and "V" indicates chrominance, which is the hue and saturation of the image. YUV mostly refers to YCbCr under normal circumstances. "U" is equivalent to "Cb" and "V" is equivalent to "Cr" in this article.
RGB color space commonly used in image display, which represent various colors by mixed weighted of three primary colors red, green and blue. It is shown in Figure 3 unit cube. Three-axis of three-dimensional space respectively corresponds to red, green and blue components. The origin indicates black and the farthest point represents white [4] . Every point inside the cube or surface corresponds to different colors.
FIGURE III. RGB COLOR SPACE
B. Color Space Conversion
In this design, the output of image acquisition module is YCbCr data stream format. But RGB data format is used in color recognition and image display. So it is necessary to convert the YCbCr color model to RGB color model. The conversion formula is as follows [5] : In the FPGA, you cannot directly operate on floating-point operations, so firstly amplify several times about the equation around for computing. Then narrow the same multiples after the operation finished. The experimental verifies that the result is better while amplifying the 596 times. Results enlarged as follows [6] :
Since ADV7123 is 10-bit digital signal input, so using 10-bit digital signal respectively represent R, G, and B component values. Because RGB values may be outside the domain after the transform, do limiting process to RGB value after converting. If RGB value is greater than 1023, then give it a value of 1023. If less than 0, 0 is assigned.
C. Color Recognition
This article gives a way of color identification whose advantage lies in removing the main component of the pixel brightness value. Because the brightness decides the body's shadow, while the existence of shadow makes the same color changed significantly, leading to the wrong color identification. By removing the brightness component, the target color can be detected effectively by a single detection algorithm. 
The formula (3) is a conversion from the model RGB to the model YCbCr, which can be expressed as the brightness component:
From formula (4) we can infer that, the green component takes up 58.7% proportion, which means the body's brightness decided by green component. Therefore, in the process of color identification, the green component can be removed. Meanwhile, the main component of the pixel brightness value can also be removed, from which we can identify the body's color effectively.
From the above conclusion, assume two variables "m" and "n", which contains the following relationship:
For the target color, it corresponds a unique "m" and "n". Just by giving the limitation of "m" and "n", the target color can be identified successfully. After the verification of experiments, the accuracy rate can achieve more than 87%.
IV. EXPERIMENTAL RESULTS AND ANALYSIS
The hardware platform used in the design system is DE2-115 Development Board from Terasic Company. The camera used is infrared analog camera from Dahua Company. Figure 4 for the color recognition system hardware connection diagram. The system uses the wall containing different colors to make a color recognition test. When the system detects a target color, use a red box of 16  16 to calibrate target area. In order to avoid the background color except the color wall to impact the test results in programming, setting the target column color recognition range is 112 ~ 528, row identifying the range of 96 to 384. As shown below, the red color recognition rendering is shown in Figure 5 . The article designs a system which bases on FPGA applying to image acquisition, storage, display and color recognition. The system has solved the problem that color sensor to identify the color affected by light and environment change. Simultaneously, the speed of the system is superior to DSP in the image acquisition, storage and processing. Through experimental verification, the identification of color accuracy is higher and the recognition algorithm is simple, convenient and practical in this design system. It can be used to identify color in the field of Machine Vision and Artificial Intelligence.
